This research suggests that the evolution of entrepreneurial spirit played a significant role in the process of economic development and the evolution of inequality within and across societies. The study argues that entrepreneurial spirit evolved non-monotonically in the course of human history. In early stages of development, the rise in income generated an evolutionary advantage to entrepreneurial, growth promoting traits and their increased representation accelerated the pace of technological advancements and the process of economic development. Natural selection therefore had magnified growth promoting activities in relatively wealthier economies as well as within the upper segments of societies, enlarging the income gap within as well as across societies. In mature stages of development, however, non-entrepreneurial individuals gained an evolutionary advantage, diminishing the growth potential of advanced economies and contributing to the convergence of the intermediate level economies to the advanced ones.
Introduction
This research examines the reciprocal interplay between Darwinian evolution of entrepreneurial spirit and the process of development. The analysis suggests that the prevalence of entrepreneurial traits evolved non-monotonically in the course of human history. In the early stages of development risk-tolerant, growth promoting entrepreneurial traits generated an evolutionary advantage and their increased representation accelerated the pace of technological advancements, contributing significantly to the process of development and the transition from stagnation to growth. As economies matured, however, this evolutionary pattern was reversed. Entrepreneurial individuals had an evolutionary disadvantage and the growth potential of economies diminished. 1 The study argues that historical variations in geographical, environmental and social factors affected the pace of this evolutionary process and thus the prevalence of growth promoting entrepreneurial traits across economies, contributing to the sustained contemporary differences in productivity and income per-capita across countries. Interestingly, the theory suggests that in early stages of development, the forces of natural selection had magnified growth promoting activities in relatively wealthier economies, enlarging the gap in income per capita between societies. However, as the growth process matured in advanced economies, the forces of natural selection contributed to a convergence of the intermediate level economies to the advanced ones. It diminished the growth potential of the most advanced economies, and enhanced the growth process of the intermediate ones. Thus, unlike the commonly underlined forces for economic convergence (i.e., higher returns to investments in human capital, physical capital and technological adoption for the laggard countries), the research proposes that convergence is triggered by a higher prevalence of growth promoting entrepreneurial traits in the middle income economies. Moreover, the analysis demonstrates that in the least advanced economies, selection of growth promoting traits has been delayed, contributing to the persistence of poverty.
Additionally, the predictions of the proposed theory provide further understanding of the path of income inequality within a society over time. Consistent with the observed pattern of inequality in the process of development (Galor (2005) ), the study suggests that in early stages of development inequality widens due to a more rapid selection of entrepreneurial risk tolerant individuals among the elites. However as the economy matures, inequality subsides due to the increased representation of entrepreneurial, risk tolerant individuals among the middle and the lower class. In particular, this prediction is consistent with the class origin of entrepreneurs during the industrial revolution. The failure of the landed aristocracy to lead the risky process of industrialization could be attributed to the low representation of risk tolerant individuals within the landed gentry, and the prevalence of growth promoting entrepreneurial traits among the middle and even the lower class (e.g., offspring of artisans and yeomen).
This research develops an evolutionary growth theory that underlines the importance of the evolution of entrepreneurial spirit in the transition from stagnation to growth. It constructs an overlapping-generations economy that due to the forces of natural selection evolves endogenously from a Malthusian epoch into a state of sustained economic growth. The growth process is fueled by technological progress that is affected positively by the level of income per capita as well as by the prevalence of risk-tolerant entrepreneurial individuals in the economy. 2 Variations in entrepreneurial spirit among individuals are modeled as differences in the degree of risk aversion with respect to consumption. These variations are linked, in our formulation, to differences in the elasticity of substitution between consumption and fertility, reflecting the sensitivity of individuals to changes in relative prices and capturing therefore their responsiveness to arbitrage opportunities. These differences in the degree of risk aversion with respect to consumption across individuals affect their reproductive success differentially and are transmitted across generations, either genetically or culturally. At early stages of development, countries that are observed to be in a stationary equilibrium undergo a change in the (latent) distribution of entrepreneurial spirit. A low degree of entrepreneurial spirit has an adverse effect on fertility and reproductive success, raising the frequency of the entrepreneurial, risk-tolerant, growth promoting individuals in the economy and stimulating the growth process. However, as economies mature, higher degree of risk aversion (i.e., lower level of entrepreneurial spirit) has a beneficial effect on reproductive success, diminishing the growth potential of the economy. The non-monotonic effect of entrepreneurial spirit on fertility across different levels of income per capita is the driving force behind the changing distribution of the entrepreneurial, risk tolerant individuals in the population along the path of economic development. It contributes to the non-monotonic effect of natural selection on inequality across nations, stimulating divergence in early stages of development and convergence in more mature phases.
The reversal in the evolutionary advantage of the risk-tolerant entrepreneurial types stems from the effect of the level of income on the relative cost of consumption and child rearing. Variations in risk aversion with respect to consumption are reflected at differences in the elasticity of substitution between consumption and fertility. The lower is the degree of risk aversion (i.e., the smaller is the concavity of the utility function with respect to consumption) the higher is the elasticity of substitution and thus the lower is the curvature of the indifference curves between consumption and fertility. 3 As the economy progresses and wage income increases, the opportunity cost of child rearing increases relative to consumption. Consequently, at sufficiently low levels of income the cost of children (whose production is time-intensive) is lower than that of consumption and the less risk averse individuals whose choices are more responsive to the relative prices, optimally allocate more resources towards child rearing, and the representation of their type increases in the population over time. As the economy develops and wage income increases, the cost of raising children is eventually higher than the cost of consumption. The less risk averse individuals, who are more responsive in their choices to relative prices, optimally allocate more resources towards consumption and less toward children.
Hence, the more risk averse individuals allocate relatively more resources towards fertility and gain the evolutionary advantage. 4 Interestingly, the forces of natural selection are critical for the escape from the Malthusian epoch. In their absence the economy will remain indefinitely in a Malthusian equilibrium.
Namely, if the degree of risk tolerance is not hereditary and the distribution of types remains unchanged over time, the level of income per capita will be stationary at a level where consumption is at the subsistence level and fertility is at replacement level. Technological advancement will be counterbalanced by an increase in population growth, whereas adverse technological shocks will be offset by population decline and the long-run income per-capita will remain unchanged.
The predictions of the theory regarding the reversal in the evolutionary advantage of entrepreneurial, risk tolerant individuals in more advanced stages of development could be examined based on the effect of the degree of risk aversion on fertility choices in contemporary developed and underdeveloped economies. Existing evidence is consistent with the proposed 3 This relationship reverses at very low levels of income specifically in the early part of the income range where child rearing is relatively less expensive than own consumption. This temporary reversal only accentuates the evolutionary advantage of the risk tolerant trait at early stages of development. Using a utility function where the degree of risk aversion is monotonically and inversely related to the elasticity of substitution, as it is one of the cases considered in the appendix, yields qualitatively similar predictions. 4 At the level of income where the cost of children is equal to the cost of consumption, consumption and fertility choices are identical across different types of individuals. hypothesis suggesting that entrepreneurial propensity proxied by risk tolerance is positively correlated with the number of children in less developed economies and negatively in developed economies. 5 Wik et al. (2004) , using an experimental gambling method, derive a measure of risk aversion for agricultural household heads in Northern Zambia. They find that larger households are negatively and significantly correlated with the degree of risk aversion, controlling for sex, age, income, education, farm area, etc. 6 Similarly negative and statistically significant association between the size of the household and the degree of risk aversion is found among rural households in Indonesia, using a gambling experimental approach (Miyata (2003) ). Consistently with the proposed theory, the opposite correlations are found in developed countries. Feinerman et al. (1996) report that family size is positively correlated with risk aversion among farmers in Israel, 7 and Dohmen et al. (2005) using a German survey designed to assess the correlation between the number of children on the degree of risk taking in several realms of life (e.g., investment and career choices, health, driving, etc.) find that lower willingness to undertake risk is associated with more children.
The theory rests upon two fundamental building blocks: the positive effect on technological change of the frequency of individuals with an entrepreneurial spirit (e.g., risk-tolerant, highly responsive to incentives and relative prices), and the heritability of this entrepreneurial spirit. The positive association between the frequency of the entrepreneurial individuals in the population on the rate of technological growth is well documented in the literature, and is at the foundation of Schumpeterian viewpoint (e.g., Schumpeter (1934) , Aghion and Howitt (1992) ) where the role of entrepreneurs is instrumental in the process of innovations. 8 In particular, the role of risk taking behavior in facilitating innovation and technological adoption in the industrial as well as the agricultural sectors is well documented. Van Praag and Cramer (2001) using Dutch data find that risk aversion is negatively associated with the probability of entrepreneurial activity. Knight et al. (2003) find that risk aversion among peasants in 5 Several surveys (e.g., gambling experiments with real or hypothetical payoffs) have been conducted in developing countries measuring attitudes towards risk among individuals in rural areas and relating them to socioeconomic characteristics. The measure of risk aversion in the reported studies is the partial relative risk aversion coefficient which relates both to the relative risk aversion and the absolute risk aversion (Bar-Shira et al (1997)). 6 In the absence of direct measure of the number of children, the size of the household is the variable of interest because it correlates closely with number of children produced by the household. Reassuringly, extended families do not drive the results. 7 In absence of comparable data on income and wealth across groups in these studies, educational differences may proxy for economic development. Average education of farmers in the Mexicans sample was about 2.5 years, in Zambia 5.2 and Indonesia 5.7. In contrast, average education of Israeli farmers was 12 years. 8 It is also related to the Boserupian hypothesis according to which the struggle for survival in the Malthusian epoch generated the inducement for inventions (Boserup (1965) ).
Ethiopia is associated with a reduction in the probability of innovations and adoption of existing technologies. 9 Audretsch and Thurik (2001) investigating the effect of entrepreneurship (proxied by the relative share of economic activity accounted for by small firms, and the selfemployment rate) among OECD countries find that increases in entrepreneurial activity tends to result in higher subsequent growth rates and a reduction of unemployment. Such a positive relationship obtains also at a regional level. Audretsch and Keilbach (2005) look into the effect of the number of startups relative to its population across regions of Germany and document a large positive impact of entrepreneurship capital on regional labor productivity. These studies lend further credence to the assumption that the magnitude of the frequency of entrepreneurial individuals is a determinant of economic success both at national and regional level.
Furthermore, consistent with the supposition that entrepreneurial spirit is heritable, evidence described in the next section, suggests that the trait of "novelty seeking" has been subjected to a selection process in the recent past. More generally, evidence suggests that evolutionary processes in the composition of existing genetic traits may be rather rapid, and major evolutionary changes have occurred in the human population over the time period that is the focus of this study. 10 arose in humans merely about 5800 years ago and has since swept to high frequency under strong positive selection. Other notable evidence suggests that lactose tolerance was developed among European and Near Easterners since the domestication of dairy animals in the course of the Neolithic revolution, whereas in regions that were exposed to dairy animals in later stages, a larger proportion of the adult population suffers from lactose intolerance. Furthermore, 9 Among other agricultural studies Grisley and Kellog (1987) find that a decline in the degree of risk aversion of farmers in Thailand is associated with higher expected variation of rice yields. Similarly, Moscardi and de Janvri (1977) document that higher risk aversion among peasants in Mexico is associated with a reduction in the amount of the fertilizer used below the optimal level. 10 There are numerous examples of rapid evolutionary changes among various species. The color change that peppered moths underwent during the 19th century is a classic example of evolution in nature (See Kettlewell 1973) . Before the Industrial Revolution light-colored English peppered moths blended with the lichen-covered bark of trees. By the end of the 19th century a black variant of the moth, first recorded in 1848, became far more prevalent than the lighter varieties in areas in which industrial carbon removed the lichen and changed the background color. Hence, a significant evolutionary change occurred within a time period which corresponds to only hundreds of generations. Moreover, evidence from Daphne Major in the Galapagos suggests that significant evolutionary changes in the distribution of traits among Darwin's Finches occurred within few generations due to a major drought (Grant and Grant 1989) . Other evidence, including the dramatic changes in the color patterns of guppies within 15 generations due to changes in the population of predators, are surveyed by Endler (1986) . genetic immunity to malaria provided by the sickle cell trait is prevalent among descendents of Africans whose engagement in agriculture improved the breeding ground for mosquitoes and thereby raised the incidence of malaria, whereas this trait is absent among descendents of nearby populations that have not made the transition to agriculture. 11 
Related Literature
The transition from stagnation to growth and the associated phenomenon of the great divergence have been the subject of intensive research in the growth literature in recent years. 12 It has been increasingly recognized that the understanding of the contemporary growth process would be fragile and incomplete unless growth theory could be based on proper micro-foundations that would reflect the various qualitative aspects of the growth process and their central driving forces. Moreover, it has become apparent that a comprehensive understanding of the hurdles faced by less developed economies in reaching a state of sustained economic growth would be futile unless the factors that prompted the transition of the currently developed economies into a state of sustained economic growth could be identified and their implications would be modified to account for the differences in the growth structure of less developed economies in an interdependent world.
Despite the existence of compelling evidence about the interaction between human evolution and the process of economic development, only few attempts have been made to examine this reciprocal relationship. This exploration is likely to revolutionize the understanding of the impact of major economic transitions on human evolution and the effect of the forces of natural selection, via their impact on the composition of human traits, on the pace of the process of economic development. A notable exception is a study by Galor and Moav (2002) that explores the reciprocal interaction between the process of economic development and human evolution. Finally, recent empirical evidence regarding the relationship between volatility and economic development lends further indirect support to the predictions of the theory. Specifically, Koren and Tenreyro (2007) document that as countries develop, their productive structure 13 The evolution of preferences, in a given economic environment, has been explored in the economic literature, as surveyed by Weibull (1995) and Bowles (1998) , and is explored more recently by Weibull and Salomonsson (2005) . In particular, in contrast to our theory that focuses on the interplay between the evolution of risk aversion with respect to consumption and the process of development, Robson (1996) examines the evolutionary optimal risk preferences with respect to offspring, and finds that risk neutrality with respect to children is evolutionary optimal in a static environment characterized by idiosyncratic uncertainty. Bernardo and Welch (2001) establish that overconfident entrepreneurs are evolutionary optimal in an environment characterized by poor aggregation of information and herding behavior. Overconfident entrepreneurs provide a positive information externality to the group they belong to by revealing their own information. Palacios and Santos (2004) examine the effect of market incompleteness on the formation of risk aversion, demonstrating that if the formation of lower risk aversion is costly market completeness and greater risk aversion are complements. 14 The documented higher fertility rates of the countryside over the urban population in medieval Europe (LiviBacci (1997)) should not prompt to direct comparisons of risk aversion between these two groups. Obviously, the economic role and the cost of child rearing differs across sectors. The important prediction coming from the theory is that within each sector as long as relative prices are in favor of child rearing the more entrepreneurial individuals have the evolutionary advantage.
moves from more volatile to less volatile sectors. They also document that specialization at low stages of development occurs in sectors with high risk whereas in mature economies the reverse is true. To the extent that production decisions are influenced by the risk preferences of the individuals then, these findings suggest that at low stages of development there is a higher intensity of relatively entrepreneurial individuals whose fraction diminishes as economies advance. The empirically documented evolution of the production structure from more to less risky sectors across economic development closely follows the evolution of entrepreneurial spirit from higher to lower entrepreneurial propensity predicted by the theory.
Genetic Evidence About the Evolution of Risk Aversion
This section provides an overview of the psychological and biological literature that links entrepreneurial activities to heritable genetic traits, and it interprets the evolutionary patterns of these traits in light of the proposed theory.
Several models in psychiatry and social psychology have been proposed for classifying temperament and personality characteristics. Cloninger (1987) propose four genetically homogeneous and independent dimensions of personality: novelty seeking, harm avoidance, reward dependence and persistence that are hypothesized to be based on distinct neurochemical and genetic substrates. The first two of these traits are closely associated with the notion of risk aversion and entrepreneurial spirit in the economics literature. As elaborated by Kose (2003) , "Individuals exhibiting high novelty seeking are enthusiastic, curious, and are quick to engage with whatever is new and unfamiliar, which leads to exploration of potential rewards. Furthermore, they get excited about new ideas and activities easily, for they tend to seek thrills, excitement, and adventures thus they may be described as unconventional or innovative. On the other hand individuals characterized by decreased novelty seeking do not derive special satisfaction from exploration and consequently are contended with or prefer familiar places, people, and situations. Such individuals are resistant or slow to engage in new ideas and activities and thus tend to stick with familiar "tried and true" routines even if there are new and better ways to do the same thing". Harm avoidance is a trait also related to risk aversion. More specifically one of the dimensions that it measures is how an individual reacts to uncertainty.
Those who exhibit high harm avoidance rarely take any risks and have difficulty adapting to changes in routine (Kloninger 1987).
Human personality traits that can be reliably measured by rating scales show a considerable heritable component. One such rating scale is the Tridimensional Personality Ques-tionnaire (TPQ), which was designed by Cloninger et al. (1993) between a certain polymorphism in the DRD4, the 7-repeat allele, and novelty seeking behavior is most widely documented. The available genetic, biochemical and physiological data suggest that the 7-repeat allele has been subjected to positive selection. This finding implies that once more risk tolerant individuals were introduced in the human population they started procreating at higher rates throughout most of human history, corroborating the focal prediction of the theory. Cloninger et al. (1993) proposed that individual variations in the novelty seeking trait are mediated by genetic variability in dopamine transmission. Ebstein et al. (1996) tested this hypothesis in a group of 124 unrelated Israeli subjects and found that higher than average novelty seeking test scores were positively and significantly associated with a particular exonic polymorphism, the 7-repeat allele at the locus for the dopamine receptor D4 (DRD4) gene. The association of high novelty seeking and the 7-repeat allele was independent of ethnicity, sex, or age of the subjects. 15 However, not all subsequent studies have been able to reproduce this association. Shinka et al (2002) conducted a meta-analysis of the published studies regarding the relationship between dopamine receptor D4 gene and novelty seeking and found that the existing evidence is inconclusive for the association between the 7-repeat allele and novelty seeking behavior, noting however that a small positive effect was found for long repeats of the same polymorphism (including the 7R allele) and novelty seeking.
As to the genetic evolution of the dopamine receptor D4 locus, Ding et al (2002) (2005) examine empirically how entrepreneurial activity is associated with a heritable biological trait, that of testosterone levels. After collecting testosterone and biographical data on experienced MBA students with significant prior involvement in the creation of a new venture and other student subjects with no new venture start-up experience, they find that higher testosterone levels are significantly associated with prior new venture start-up experience. Increased testosterone levels increase the probability of entrepreneurial activity both directly and indirectly via the propensity towards risk. This finding coupled with studies from endocrinology (Meikle, Stringham et al (1988) , Harris et al (1998) ), which show that production of testosterone levels is heritable, substantiate the assumption regarding the genetic heritability of risk aversion. 16 
The Basic Structure of the Model
Consider an overlapping-generations economy in which economic activity extends over infinite discrete time. In every period the economy produces a single homogeneous good using land and labor as inputs in the production process. The supply of land is exogenous and fixed over time whereas the supply of labor is determined by the size of the population. 16 Nielsen et al. (2005) find that within the group of genes that shows the strongest evidence for positive selection in humans there are also genes that are involved in spermatogenesis that directly influence the Testosterone levels.
Production of Final Output
Production occurs according to a constant-returns-to-scale technology that is subject to endogenous technological progress. The output produced at time t, Y t , is
where L t is the labor employed in period t, X is the land used in production in every period, A t is the technological level in period t, and A t X is therefore the "effective resources" used in production in period t.
Suppose that there are no property rights over land. 17 The return to land in every period is therefore zero, and the wage rate in period t is equal to the output per worker produced at time t, y t .
where (A t X)/L t is the level of effective resources per worker at time t.
Preferences and Constraints
In every period t, a generation that consists of L t heterogenous individuals joins the labor force.
Each individual has a single parent. Members of generation t (those who join the labor force in period t) live for two periods. In the first period of life (childhood), individuals consume a fraction of their parental income. In the second period of life (parenthood), every individual i of generation t is endowed with 1 unit of time, they work and generate an an income y t , which they allocate between consumption, c i t and child rearing τ y t n i t , where τ is the fraction of parental income that is devoted for raising a child, and n i t is the number of children. 18 Every generation t consists of individuals that are distinguished by the their degree of risk aversion with respect to consumption which is transmitted formed genetically or culturally.
Preferences are transmitted without alteration from generation to generation within a dynasty.
The distribution of types evolves over time due to the effect of natural selection on the relative size of each dynasty. In a given environment, the type with the evolutionary advantage (i.e., the 17 The modeling of the production side is based upon two simplifying assumptions. First, capital is not an input in the production function, and second the return to land is zero. Alternatively it could have been assumed that the economy is small and open to a world capital market in which the interest rate is constant. In this case, the quantity of capital will equalize its marginal product to the interest rate, while the price of land will follow a path such that the total return on land (rent plus net price appreciation) will be equal to the interest rate. Allowing for capital accumulation and property rights over land would complicate the model to the point of intractability, but would not affect the qualitative results. 18 The parameter τ can be interpreted therefore as the time cost of raising a child.
type characterized by higher fertility rates) will gradually dominate the population. However, changes in the economic environment may shift the evolutionary advantage to other types.
Preferences of individual i of generation t are represented by a utility function defined over consumption, c i t , , as well as over the number of their children, n i t , 19 and they are subjected to a subsistence consumption constraint,c. 20 In particular, to simplify the exposition it is assumed that τ ≤c < (1 − τ ). 21 The utility function of a individual of type i of generation t is
where θ i is the parameter of risk aversion, θ i ∈ (1,θ), whereθ ≡ 1 + ln(τ /γ)/ lnc. The higher is θ i , the more risk averse is individual i. The degree of risk aversion is the only source of heterogeneity within a generation. 22 Risk aversion is assumed to be perfectly hereditary, and the distribution of θ i changes therefore due to the effect of natural selection on the distribution of types.
Remark:
The qualitative results will not be affected if a broader class of preferences is adopted.
In particular, as established in Section 6, the qualitative results will be maintained if: 19 For simplicity, the analysis abstracts from child mortality risk. Alternatively one can interpret the preferences such that parents derive utility from the expected number of surviving offspring and the cost of child rearing is associated only with surviving children. 20 The subsistence consumption constraint generates the observed positive income elasticity of population growth at low income levels, since when the constraint binds, higher income allows individuals to afford more children. Alternatively, the utility function could have been defined over consumption above subsistence rather than over a consumption set that is truncated from below by the subsistence consumption constraint. In particular, if u
(1−θ i ) + γnt, the complexity of the dynamical system would be greatly enhanced. The income expansion path would be smooth, evolving continuously from being nearly vertical for low levels of potential income to asymptotically horizontal for high levels of potential income. Such a utility function by construction displays decreasing relative risk aversion. So, dynasties are characterized by declining risk aversion over the process of development. The qualitative results regarding the non-monotonic evolution of reproductive success across such dynasties remain intact. The implications about the convergence process, however, would be partially mitigated because although in advanced stages of development dynasties of relatively risk averse individuals have the evolutionary advantage the higher income alleviates their reduced risk tolerance. 21 As it will become apparent, given the evolution of relative price of consumption with respect to children, this is a realistic and necessary assumption which implies that the cost of physiologically sustaining an adult,c, does not exceed the level beyond which relative prices are in favor of consumption. Specifically, at low stages of development, when wage income is sufficiently low (i.e., yt < 1/τ ) the cost of raising a child, ytτ , is lower than the cost of a consumption unit whose price is normalized to 1. It is at this stage that more entrepreneurial individuals allocate more resources to the relatively cheaper good, i.e. children, and have the evolutionary advantage. As the economy develops and wage income increases, however, the cost of raising a child increases proportionally to income, whereas the cost per unit of consumption decreases as a proportion of income. Thus, at sufficiently high stages of development (i.e., y t > 1/τ ) the relative price becomes in favor of the consumption good. 22 For simplicity, it is assumed that the subsistence consumption constraint and the weight given to consumption in the utility function are homogenous across individuals and hence they are not subjected to natural selection.
(a) Individuals are risk averse with respect to fertility (regardless of whether the degree of risk aversion with respect to fertility is larger or smaller than the degree of risk aversion with respect to consumption.
(b) The degree of risk aversion is distributed over the interval (0, ∞). (i.e., θ i ∈ (0, ∞)).
(c) Risk-seeking behavior (i.e., θ i < 0) was present in the population in the distant past.
(d) There exists variations among individuals in the risk attitude towards children.
(e) Individuals bear children due to their concern for old-age support.
Individuals allocate their wage income, y t , between consumption, c i t , and expenditure on child rearing, y t τ n i t . The individual's budget constraint is therefore
Optimization
Members of generation t choose the number of their children, and therefore their own consumption, so as to maximize their utility function subject to their budget and the subsistence consumption constraints. Substituting (4) into (3), the optimization problem of a member i of generation t is:
Subject to:
As long as the potential wage income at time t is sufficiently high so as to assure that the optimal level of consumption exceeds the subsistence consumption constraintc (i.e., as long as y t is above the level at which the subsistence constraint is binding), and as long as the non-negative fertility constraint does not bind, it follows from the individual optimization that
Lemma 1 There exists a threshold level of income,ỹ i =ỹ(θ i ) ≡ (γ/τ )c θ i , such that the subsistence consumption constraint binds for individual i if and only if y t <ỹ(θ i ).
and it is lower the higher is the degree of risk aversion, i.e., γ / lnc. Since lnc < 0, it follows thatθ(y t ) ≥ 0 if and only if τ y t /γ < 1 (and thus ln τ y t /γ < 0). Moreover, ∂θ(y t )/∂y t = (lnc)/y t < 0. ¤ Thus, at sufficiently low levels of income individuals of all types are constrained by the subsistence requirement. However, the subsistence consumption constraint stops binding at a lower level of income for the more risk averse individuals.
At follows from Lemma 1, as long asc ≤ y t ≤ỹ(θ i ) the subsistence consumption constraint binds, the level of consumption of individual i is equal to the subsistence level,c, and
given the budget constraint (4), the level of fertility is [1 − (c/y t )]/τ . Moreover, as follows from the optimization problem (5), if the subsistence consumption constraint is not binding, 23 The consumption of individual of type θ i as a function of the income level y t is 23 The positivity follows from the fact that c i t < y t .
where ∂c i t /∂y t > 0 for y t ≥ỹ(θ i ). The number of children of individual of type θ i as a function of the income level y t is
The effect of an increase in income, y t , on the individual's allocation of resources between child rearing and consumption is depicted in Figure 1 . The income expansion path is vertical as long as the subsistence consumption constraint is binding. As income increases, the individual can obtain the subsistence consumption with a smaller fraction of income and the fraction of income devoted to child rearing increases. Once, the level of income is sufficiently high such that the subsistence constraint is not binding, the income expansion path has a positive but finite slope, reflecting increasing allocation of resources for both consumption and child rearing.
As depicted in Figure 2 , for y t >c, the fertility rate of individual i in any period t, n i t , is a positive, increasing, strictly concave function of y t . In particular, n i t > 0 for all y t >c,
and Moreover, as established in the following lemma, as long as the subsistence consumption constraint binds, the fertility rate exceeds the replacement level if income per worker is not smaller thanc/(1 − τ ).
Lemma 2
1. If the subsistence consumption constraint binds for individual i in period t, (i.e., if y t ≤ỹ(θ i )) then the individual's fertility rate is above replacement if y t ≥c/(1−τ ),
i.e.,
2. Fertility is above replacement for all individuals if income per capita exceeds γ/τ , i.e.,
Proof. See Appendix. ¤
Risk Aversion and Reproductive Success
The effect of risk aversion on fertility rate and thus on reproductive success, as depicted in Figure 3 , evolves non-monotonically in the process of development. At early stages of development, when the level of income is low, higher degree of risk aversion has an adverse effect on fertility and reproductive success, whereas at higher levels of income, higher degree of risk aversion has a beneficial effect on reproductive success. This non monotonic effect of risk aversion on fertility across different levels of output per capita is the driving force behind the changing distribution of the risk aversion in the population along the path of the economic development.
Proposition 1
The effect of risk aversion on reproductive success evolves non-monotonically in the process of development
Proof. As follows from (7) Hence, for low levels of incomec < y t < γ/τ , individuals with a lower degree of risk aversion have an evolutionary advantage, whereas for high levels of income y t > γ/τ , individuals with a higher degree of risk aversion gain the evolutionary advantage.
At low levels of income, i.e.,c ≤ y t < γ/τ , the subsistence consumption constraint binds all individuals whose θ i ≤ ln(τ y t /γ)/ lnc. The entire resources that remain after subsistence consumption are devoted to fertility and risk aversion therefore has no effect on fertility. However, the more risk averse individuals, whose θ i > ln(τ y t /γ)/ lnc are not constrained by the subsistence consumption constraints. They do not allocate the entire resources above subsistence to fertility. Hence, as long as y t < γ/τ the marginal effect of higher θ on fertility is negative .
At higher levels of income, i.e., y t ≥ γ/τ , the subsistence consumption constraint is not binding for any individual regardless of the degree of risk aversion. Since the marginal utility from consumption, for any given level of income above γ/τ , is lower the higher is the degree of risk aversion, fertility is higher the higher is the degree of risk aversion and the high risk averse type has an evolutionary advantage. 
The Process of Development
The process of development is governed by the time path of the level of technology, income per capita and the composition of the risk aversion traits.
The Evolution in the Composition of Types
Suppose that at time 0 the economy consists of L 0 individuals of two types: type 1 and type 2, Individuals are distinguished by their degree of risk aversion. Individuals of type 1 are less risk averse than individuals of type 2, i.e., 1 < θ 1 < θ 2 <θ, and β o is the fraction of the less risk averse (type 1) individuals in the population.
The two types of individuals supply inelastically one unit of labor, regardless of their degree of risk aversion, and generate therefore the same level of income. However, as established in (6), (7) and Proposition 1, the degree of risk aversion affects their consumption and fertility decisions, and therefore their reproductive success.
In accordance with the historical pattern of fertility, income per worker is assumed to be sufficiently high in every period, so as to assure that fertility rates are at least at replacement level in period 0 for individuals for which the subsistence consumption constraint binds. Hence in light of Lemma 2, it is assumed that income per-capita in period 0 is set to be equal tõ c/(1 − τ ), i.e., y 0 =c/(1 − τ ).
As follows from Lemma 1 the subsistence consumption constraint stops binding earlier for individuals of type 2, i.e.,ỹ(θ 2 ) <ỹ(θ 1 ). As long as the subsistence consumption constraint binds for both types, it follows from Proposition 1 that risk aversion has no effect on fertility and the composition of types in the population does not change.
However, as income increases, the subsistence consumption constraint stops binding for the high risk-averse individuals (type 2) and ultimately for individuals of (type 1), and as established in Proposition 1, the forces of natural selection affect the composition of types and the economic environment.
Hence, without loss of generality, suppose that at time 0 the level of income is such that the subsistence consumption constraint does not bind for individuals of type 2, while it still binds for individuals of type 1. Since y 0 =c/(1 − τ ), it follows that the subsistence constraint does not bind for the high risk averse (type 2) individuals ifỹ(θ 2 ) <c/(1 − τ ), whereas for the less risk averse the subsistence consumption constraint still binds ifỹ(θ 1 ) >c/(1 − τ ). Thus, 24 c <ỹ(
Alternatively, since θ i ∈ (1,θ), it is assumed that 25
where as defined in Corollary 1θ (c/(1 − τ )) isθ(y t ) ≡ ln(τ y t /γ)/ lnc, evaluated at y t = c/(1 − τ ). 24 It should be noted that sinceỹ(θ2) ≡ (γ/τ )c θ 2 , and since θ2 <θ ≡ 1 + ln(τ /γ)/ lnc, it is necessarily the case thatc <ỹ(θ 2 ).
25θ (1) > 1 if and only ifc > τ /γ. Hence, sincec ≥ τ and γ > 1, it follows thatc > τ /γ and thereforeθ(1) > 1.
Proof. The corollary follows directly from (7) and Proposition 1, noting that since
Hence, as depicted in Figure 4 , in early stages of development, when the subsistence consumption constraint binds for some individuals, (i.e.,c/(1 − τ ) ≤ y t < γ/τ ), the risktolerant individuals (type 1) have an evolutionary advantage, whereas as soon as the economy escapes from the Malthusian trap and the subsistence consumption constraints is no longer binding (i.e., y t > γ/τ ), the risk averse individuals (type 2) have an evolutionary advantage. 26 Given the size of the population in period t, L t , the size of the population in period t + 1,
where β t is the fraction of the risk-tolerant individuals (type 1) in the population, and n i t is the number of offspring born to individual of type i in period t.
The fraction of individuals of type 1 in the population in period t + 1, β t+1 , is therefore
Hence, it follows from (7) that
Lemma 3 The Properties of φ(β t , y t )
For y t ≥ỹ(θ 2 ), 1. φ(0, y t ) = 0 and φ(1,
Proof. See Appendix. ¤ Hence, as depicted in Figure 5 , for a given level of income per worker, y t , the fraction of risk-tolerant individuals in the population increases monotonically over time and approaches 1, ifỹ(θ 2 ) ≤ y t ≤ỹ(θ 1 ), whereas this fraction declines monotonically over time and approaches 
Technological Progress
Technological progress, g t+1 , that takes place between periods t and t + 1 depends on the fraction of the risk-tolerant individuals within the working generation in period t, β t , and on the level of income per capita in period t, y t . 27
where as the rate of technological progress between period t and t + 1 is a (weakly) positive, (weakly) increasing, concave function of the fraction of risk-tolerant individuals among the working generation at time t and the level of income per-capita (that assure survival and replacement fertility). 28 27 While the role of the scale effect in the Malthusian epoch, is essential, none of the existing results depend on the presence or the absence of the scale effect in the modern era. The functional form of technological progress given in (13) can capture both the presence and the absence of the scale effect in the modern era. As discussed in the introduction there is extensive evidence on the role of risk tolerance in innovative activities. The positive role of income per capita in technological progress is well established as well. In a Malthusian environment, a higher level of income per capita will be associated with a larger population that would have a positive effect on the supply, the demand and the diffussion of knowledge. Moreover, it will foster specialization and trade and will therefore enhance technological progress (Kremer (1993) and Galor and Weil (2000) . In the industrial world higher income per capita will support a more educated population that is more likely to implement new technologies (Schultz (1975) , and will generate a wider tax base that would permit extensive investment in infrastructure, education and research. 28 For a sufficiently low income level and small fraction of risk tolerant in the population the rate of technological progress is strictly positive only every several periods. Furthermore, the number of periods that pass between g y (β t , y t ) ≥ 0 and g yy (β t , y t ) ≤ 0 ∀β t ∈ [0, 1] and ∀y t >c g β (β t , y t ) ≥ 0 and g ββ (β t , y t ) ≤ 0 ∀β t ∈ [0, 1) and ∀y t >c .
The time path of the level of technology is given therefore by
where the level of technology at time 0 is given at a level A 0 .
The Time Path of Income Per Worker
As follows from (2), (10), (13) and (14) income per capita in period t + 1 is
Thus,
Hence, it follows from (14) that the income per capita in period t + 1 is determined by the level of income per capita in period t, y t , and the fraction of risk-tolerant individuals in the adult population, β t .
where
An increase the fraction of the risk-tolerant individuals, β t , has unambiguously positive effects on the level of income per worker in period t + 1, y t+1 = (A t+1 X/L t+1 ) α , in an environment where risk-tolerant individuals reproduce at lower rates than the risk averse individuals, two episodes of technological improvement declines with an increase in both these factors. These assumptions assure that in early stages of development the economy is in a Malthusian steady-state with zero growth rate of output per capita, but ultimately the growth rates is positive and slow. If technological progress would occur in every time period at a pace that increases with the above determinants, the growth rate of output per capita would always be positive, despite the adjustment in the size of population.
(i.e., when y t > γ/τ ). It raises the level of technology in period t + 1, and reduces the population size in the population next period. However, when y t < γ/τ and thus the risk-tolerant individuals reproduce at a higher rate, an increase the fraction of the risk-tolerant individuals in period t has an ambiguous effect on output per-worker in t + 1 since it has a positive effect on both the level of technology and population in period t + 1.
An increase in output per capita, y t , has ambiguous effects on the level of income per worker in period t + 1. On the one hand it increases the level of technology in the next period,
A t+1, and thus positively affecting output per worker, but on the other hand, it increases fertility rates in period t, and thus the size of the population in period t + 1, adversely affecting income per capita.
The Dynamical System
The evolution of the economy is fully determined by the evolution of a two-dimensional nonlinear discrete dynamical system that is governed by the sequence {β t , y t } ∞ t=0 such that β t+1 = φ(β t , y t )
where (β 0 , y 0 ) is given.
The analysis of this two-dimensional dynamical system will require the derivation of its phase diagram, based on the characterization of the ββ locus under which the first state variables, the yy locus under which the second state variable is in a steady-state, and the forces that operate on the system when each of variables is not in its steady-state equilibrium.
The ββ locus
The ββ locus is the geometric locus of all pairs (β t , y t ) such that β t is in a steady state.
As follows from (12) , along the ββ locus
Lemma 4 The properties of the ββ locus:
Proof : As follows from (11)
Hence, as follows from Corollary
As depicted in Figure 6 , the fraction of the risk tolerant individuals, β t , is in a steady state if: 
The Replacement Locus -yy

R
The replacement frontier yy R , as depicted in Figure 6 , is the geometric locus of all pairs (β t , y t )
such that the average level of fertility is at replacement level, i.e.,
Lemma 5 The properties of the replacement locus-yy R
1. There exists a continuous single-valued function, y R (β t ), such that given (β t , y R (β t )) the average fertility level is at replacement, i.e.,
2. The level of income that corresponds to replacement fertility, y R (β t ), is monotonically decreasing in the fraction of the risk-tolerant, β t , i.e.,
3. The average level of fertility is below replacement if and only if y t < y R t (β t ) and above replacement if and only if y t > y R (β t ), i.e., ∀β t ∈ [0, 1]
.
Proof. See Appendix ¤
The replacement locus, depicted in Figure 6 , is downward sloping. 29 As established in Corollary 2, as the fraction of the risk-tolerant individuals, β t , increases, fertility is higher (for a given level of income below γ/τ ), and thus the level of income that is needed to support replacement fertility, y R (β t ), is lower.
Corollary 3 Along the replacement locus, fertility of the risk-tolerant (type 1) is above replacement and fertility of the risk averse (type 2) is below replacement, i.e.,
Proof. As follows from Lemma 5, β t n 1 (y R t ) + (1 − β t )n 2 (y R t ) = 1. Hence sincec/(1 − τ ) < y R (β t ) < γ/τ it follows from Corollary 2 that n 1 (y R t ) > n 2 (y R t ) and thus n 2 (y R (β t )) < 1 < n 1 (y R (β t )). ¤
The yy locus
The yy locus is the geometric locus of all pairs (β t , y t ) such that y t is in a steady state.
yy ≡ {(β t , y t ) : y t+1 − y t = 0}.
As follows from (16) and (18), along the yy locus
and therefore
Hence,
In order to simplify the exposition and to assure that the economy may escape from the Malthusian trap, few boundary conditions are imposed on the function g(β t , y t ).
g β (β t , y t ) < n 1 (y t ) − n 2 (y t ) for y t ∈ [c,y] if and only if β t ∈ [0,β];
whereβ ∈ (0, 1) andy = y(β) ∈ (y R (β t ), γ/τ ).
Lemma 6
The properties of the yy locus.
Under (A2) and (A3)
1. There exists a continuous single-valued function, y R (β t ), such that
2. There exists a decreasing continuous, single-valued function y(β t ) ∈ (y R (β t ), γ/τ ) such that (β t , y(β t )) ∈ yy and y 0 (β t ) < 0 ∀β t ∈ [0,β)
where lim β t →β y(β t ) = y R (β), y(0) ∈ (y, γ/τ ), andβ ∈ [β, 1).
3.
The yy locus and its corresponding map is depicted in Figure 6 . The yy locus consists of two downward sloping segments: (i) the replacement locus yy R , and (ii) a single value function y(β t ) that intersects the yy R locus atβ and the ββ locus at (0, y(0)).
Steady-State Equilibria
Steady-state equilibria of the dynamical system are pairs (β,ȳ) such that
Hence a steady-state equilibrium is characterized by an intersection of the ββ locus and the yy locus. As depicted in Figure 6 , the system is characterized by three steady-state equilibria.
Lemma 7
The dynamical system has three steady-state equilibria
The steady-state equilibria: (0, y(0)) and (1, y R (1)) are unstable, whereas (0, y R (0)), is a saddle, where 
The Evolution of Risk Aversion and the Process of Development
Suppose that the economy starts with an income per-capita that is just sufficient to generate replacement fertility, y R (β 0 ) That is, the economy starts on the yy R locus. Suppose further that there is a small fraction of risk-tolerant individuals in the economy, β 0 <β. As depicted in Figure 6 , the forces of natural selection will increase the representation of the risk-tolerant individual in society, and once this fraction will exceed the critical levelβ, income will increase monotonically along with the fraction of the risk-tolerant individuals. Once the level of income per-capita increases above the threshold level of income γ/τ , the subsistence consumption constraint is no longer binding for all types and the evolutionary advantage is reversed. The risk averse individuals generate an evolutionary advantage and β starts declining approaching asymptotically 0. Along this process income per-capita increases monotonically.
It should be noted that in the absence of the forces of natural selection the economy will remain indefinitely in a Malthusian equilibrium. That is, if the degree of risk-aversion is not hereditary and the distribution of types remains unchanged over time, the level of income per capita will remain at a level y R (β 0 ), where consumption is at the subsistence level and fertility is at replacement. This will constitute a stable Malthusian equilibrium. Technological advancement will be counterbalanced by an increase in population growth, whereas adverse technological shocks will be offset by population decline. 
Members of generation t choose the number of their children, and therefore their own consumption, so as to maximize the utility function (28) subject to their budget and the subsistence consumption constraints. Substituting (4) into (28), the optimization problem of a member of generation t is:
Subject to: 31
30 The linear utility with respect to children examined in section 3 is a subset of this more general class of preferences. It is obtained at λ = 0.
31 For the simplicity of the exposition,c = 0. This simplification does not affect the qualitative results as long asc < 1. Moreover, in light of the results obtained in section 3, the reversal in the evolutionary advantage occurs only after the subsistence consumption constraint stops binding for both types of individuals.
The solution of the optimization problem is interior. 32 It is given by the implicit function
As established in the following Lemma, the effect of risk aversion with respect to consumption on reproductive success evolves non-monotonically in the process of development, as was the case when the utility function was linear with respect to children. At low levels of income individuals characterized by low degree of risk aversion have the evolutionary advantage, whereas at high levels of income the more risk averse take over. More specifically, risk-tolerant individuals with respect to consumption maintain the evolutionary advantage. The higher is their risk aversion with respect to children the earlier will be the reversal in the evolutionary advantage, in favor of the higher θ i types.
Proposition 2
The effect of risk aversion with respect to consumption on reproductive success evolves non-monotonically in the process of development
Proof. See Appendix. ¤ Given a common degree of risk aversion with respect to children the marginal utility of consumption depends on the level of income and the degree of risk aversion with respect to consumption.
At low levels of income, y t < 1/(1−τ ), when relative prices are in favor of child rearing the more risk averse individuals with respect to consumption will reproduce at a slower rate than those individuals who are relatively more risk-tolerant with respect to consumption irrespective of the degree of risk aversion with respect to children.
At sufficiently high levels of income, i.e., y t > γ/τ , the marginal utility from consumption, for a given level of income, is lower the higher is the degree of risk aversion with respect to 32 If either n i t = 0 or c i t = 0 then the marginal cost of such a decision in terms of utility is infinite. Hence, an individual with a positive level of income will allocate a positive amount of resources to both consumption and children.
consumption, and hence, more resources will be devoted to children. Consequently, fertility is higher the higher is the degree of risk aversion with respect to consumption, and the high risk averse type has an evolutionary advantage. Note that differences in the degree of risk aversion with respect to children do not affect the evolutionary advantage.
It is in intermediate stages of development, i.e., 1/(1 − τ ) < y t < γ/τ that the degree of risk aversion with respect to children affects the timing of the reversal in the evolutionary advantage of the two types. The risk tolerant individuals with respect to consumption will lose their evolutionary advantage earlier, in this stage, the higher is the degree of risk aversion with respect to children.
Extinction of Risk-Seeking Behavior
This section establishes that the exclusion of risk-seeking behavior from the analysis is justified, because if the trait of risk-seeking behavior (i.e., θ i < 0) was present in the population in the distant past, it would have become extinct.
Proposition 3 Individuals that are characterized by risk-seeking behavior, (i.e., those whose θ i < 0) will become extinct in early stages of development, i.e., for θ i < 0
Proof. As follows from (4), the non negative fertility constraint binds and fertility is zero as long as the optimal level of consumption is at least equal to the level output per worker. Namely,
Hence, since 
and the lemma follows. ¤ Hence, it follows from lemmas 8 and 9, noting thatỹ(θ i ) ≤ŷ(θ i ) if θ ∈ (0, 1), that the levels of consumption and fertility are:
Moreover,
Hence, the enlargement of the feasible range θ i does not affect the qualitative pattern of the evolution of risk-aversion as established in Proposition 1.
The introduction of the least risk averse individuals in the population, i.e., individuals with θ i ∈ (0, 1) , does not affect the reversal in the evolutionary advantage of the risk-tolerant individuals. As follows from Lemma 1, the least risk averse individuals in the population, i.e., individuals with θ i ∈ (0, 1) , are constrained by the subsistence consumption constraint for a wider income range, and thus their evolutionary advantage is accentuated over a wider range of low levels of income. However, as follows in Proposition (1) once y t exceeds the threshold value of γ/τ they lose the evolutionary advantage to the more risk averse individuals since the effect of risk aversion on fertility becomes positive (for the entire feasible range of θ i ).
The introduction of the more risk averse individuals i.e., those with θ i ∈ ¡θ , ∞ ¢ does not affect the qualitative results either. As follows from Lemma 9, at low levels of income (i.e., if y t ≤ŷ(θ i )) they would become extinct, and at a moderate levels of income, (i.e.,ŷ(θ i ) ≤ y t < γ/τ ), as follows from Proposition (1), they would produce consistently fewer children.
However, for y t > γ/τ they would gain the evolutionary advantage.
Variations in the Risk Attitude Towards Children
This section demonstrates that the evolutionary pattern of risk aversion in the process of development, as established in Proposition 1, remains intact if heterogeneity is introduced with respect to the risk attitude with respect to children. In particular, it demonstrates that risk neutrality with respect to children is the type of behavior that would be selected in populations that have been expanding over time, and thus the utility function that is adopted in the main analysis is the appropriate one.
Suppose that preferences of individuals i are represented by utility functions with (homogeneous) constant relative risk aversion with respect to consumption, θ, and (heterogeneous) risk attitudes with respect to children, λ i ,
Members of generation t choose the number of the children, and therefore own consumption, so as to maximize the utility function (35) subject to the budget and the subsistence consumption constraints. Substituting (4) into (35) , the optimization problem of a member of generation t is:
Subject to: 33
The solution of the optimization problem is interior. It is given by the implicit function
As established in the following Lemma, as long as fertility rates are above replacement the more risk tolerant type in terms of children has the evolutionary advantage. If fertility rates are below replacement (and the population therefore vanishes over time), the type that is more risk averse with respect to children gains an evolutionary advantage .
Proposition 4
The effect of risk aversion with respect to fertility on reproductive success is negative as long as fertility is above replacement and is positive as long as fertility is below 33 For the simplicity of the exposition,c = 0.
replacement.
Suppose that individuals within each generation live for three period. In the first period of life (childhood), individuals consume a fraction of their parental income, τ . In the second period of life (parenthood), individuals are endowed with 1 unit of time. They work and generate an an income y t , which they allocate between consumption, c i t , child rearing, τ y t n i t , and transfers to their parents z. In the third period (old age), individuals consume the aggregate output transferred to them by their children, zn i t . Preferences of individuals i are represented by a separable utility function with (heterogeneous) constant relative risk aversion with respect to consumption, θ i ,in both periods t and t + 1. 35
Members of generation t choose the number of their children, and therefore their own consumption in periods t and t + 1, so as to maximize the utility function (41) subject to the following constraints.
Substituting (??) into (41), the optimization problem of a member of generation t is:
Subject to (c i t , c i t+1 ) > 0. 36 The solution of the optimization problem is necessarily interior and it is given by the implicit function
As established in the following Lemma, the effect of risk aversion with respect to consumption on reproductive success evolves non-monotonically in the process of development, as was the case in the absence of old age consumption motive for having children. 35 A direct utility from children along with the old-age security would not affect the qualitative results. Additionally, it will become apparent, from this robustness check, that if individuals had common risk aversion, θi, over both consumption and children (with or without a direct concern for old age consumption), that is if preferences were homothetic, then all the results presented would remain intact. 36 For the simplicity of the exposition,c = 0 for both periods.
societies.
The study argues that traits for entrepreneurial spirit evolved non-monotonically in the course of human history. In early stages of development, the rise in income generated an The analysis is conducted in a deterministic environment. The abstraction from a stochastic environment is merely a simplifying modeling assumption that prevents the introduction of an additional dimension of heterogeneity across individuals -income. The incorporation of idiosyncratic risky choices would enhance the evolutionary advantage of the risk tolerant entrepreneurial individuals in early stages of development. To the extent that risk tolerant individuals manifest their propensity towards risk by undertaking relatively riskier, higher payoff projects, they would generate on average higher income, and thus in this era in which larger income is converted into larger number of surviving offspring, their evolutionary advantage would be accentuated. At higher stages of economic development, the higher earning capacity of the risk-tolerant individuals would mitigate the evolutionary advantage of the risk-averse individuals. However, if the proposed theory would be embedded in the context of a unified growth theory [Galor (2005) ] in which economies evolve endogenously from a Malthusian stagnation to sustained economic growth, and higher income has no longer a positive effect on fertility (Galor and Weil (2000)), 38 the selection of the risk averse individuals would remain unambiguous, although it would be obscured by a more elaborate structure. 39 38 See also, Lagerlof (2003) , Doepke (2004) , and Weisdorf (2004) as well. 39 The introduction of aggregate shocks would not affect the qualitative results. Aggregate shocks (e.g., major climatic shocks) had been impacting the whole population in early stages of development. It is implausible, given the nature of the technology in this period, that such shocks had a systematically differential impact on certain type of individuals, based upon their actions. Furthermore, to the extent that individual projects were undertaken after aggregate uncertainty was resolved, the risk tolerant type would retain the evolutionary advantage.
Appendix
Proof of Lemma 2.
1. As follows from (4), as long as the subsistence consumption constraint binds, n i t = [1 − (c/y t )]/τ ≥ 1 if and only if y t ≥c/(1 − τ ), wherec/(1 − τ ) < 1.
2. As follows from (7) and (8) n i (y t ) > 1 for all y t ≥ γ/τ if n i (γ/τ ) > 1 and therefore if [1 − (τ /γ)]/τ > 1, which is satisfied since τ < 1 − τ and γ > 1 ¤ Proof of Lemma 3.
1. As follows directly from (11), φ(0, y t ) = 0 and φ(1, y t ) = 1.
Differentiating(12),
φ β (β t , y t ) = n 1 t n 2
and as follows from Corollary 2 φ ββ (β t , y t ) = 2n 1 t n 2 t (n 1 t − n 2 t ) [
¤
Proof of Lemma 5.
1. As follows from (24) there exists a function Ω(β t , y R t ) such that Ω(β t , y R t ) = β t n 1 (y R t ) + (1 − β t )n 2 (y
Hence, noting (8) ,
Thus, noting (50) , it follows from the Implicit Function Theorem, that there exists a continuous single-valued function, y R (β t ), such that (β t , y R (β t )) ∈ yy R ∀β t ∈ [0, 1] .
2. As follows from (24) 
Lemma 2 and Corollary (2) imply that
and thus it follows that the average level of fertility will be at replacement level only if
Hence, it follows from Corollary (2) that n 1 (y R t ) − n 2 (y R t ) > 0, and therefore, in light of (50), it follows from (52) , that
Finally, noting (49), y R (1) is given by the solution to n 1 (y R t ) = 1,and therefore it follows from (7) that
sincec < (1 − τ ).
3. Noting (8) fertility is positively affected by output per worker, and thus it follows from (24) that for any β t ∈ [0, 1]
¤ Proof of Lemma 6.
1. As established in (27) , y t+1 − y t = 0 if and only if 1 + g(β t , y t ) = [β t n 1 (y t ) + (1 − β t )n 2 (y t )].
Hence since [β t n 1 (y R t ) + (1 − β t )n 2 (y R t )] = 1, and g(β t , y R t ) = 0 it follows that (β t , y R (β t )) ∈ yy ∀β t ∈ [0, 1]. (25) , y t+1 − y t = 0 if and only if ψ(β t , y t ) − y t = 0. As follows from (27) Hence the lemma follows (61) and (64) . ¤
As established in
